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(54) PATTERN FORMING METHOD 
(57)Abstract: 

PURPOSE: To provide the pattern forming method 
capable of suppressing the film reduction at the center 
section of a resist pattern and capable of forming the 
good resist pattern even when the half-tone phase shift 
method is used. 

CONSTITUTION: In the pattern forming method exposing 
and developing a photosensitive resin film 23 formed on 
a Si substrate 22 with an exposure mask formed with a 
mask pattern 21 made of a semi-transparent material 
(Si) giving the optical phase difference to transmitted 
light to form the desired pattern on a translucent 
substrate (Si02) 20, a positive type resist is used for 
the photosensitive resin film 23, the resist 23 is 
bleached in a developer of 2.38%-TAMAH for 30 sec 
before exposure, and spin-drying is performed after 
washing to form a surface insoluble film 24. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The pattern-formation approach characterized by to perform hardening processing to 
the front face of this resist before the development of this resist in the pattern -formation 
approach which performs exposure and development to the photopolymer film formed on the 
semi-conductor substrate using the mask for exposure injwhich the mask pattern which consists 
of a translucent ingredient which gives optical phase contrast to the transmitted light on a 
translucency substrate was formed , and creates a desired pattern , using a positive resist as 
said photopolymer film . 

[Claim 2] The mask for exposure in which the mask pattern which consists of a translucent 
ingredient which gives optical phase contrast to the transmitted light on a translucency 
substrate was formed is used. To the radius L of the field of the light source equalized by optical 
system, or the secondary light source with the zona-orbicularis lighting which formed the part of 
a radius d as dark space from the core with which the relation of 0<d<L is filled In the pattern 
formation approach which performs exposure and development to the photopolymer film formed 
on the semi-conductor substrate, and forms a desired pattern The pattern formation approach 
characterized by performing hardening processing to the front face of this resist before the 
development of this resist, using a positive resist as said photopolymer film. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the resist pattern formation approach which 
exposes a resist especially by the halftone phase shift method with respect to the lithography 
process in manufacture of semiconductor fabrication machines and equipment. 
[0002] 

[Description of the Prior Art] Improvement in the speed of a semiconductor device, as a result a 
semiconductor device and high integration are advanced with the advance of semiconductor 
technology. In connection with it, the need for detailed-izing of a pattern becomes still higher, 
and detailed-izing and high-degree-of-accuracy-ization is required also for a pattern dimension. 
[0003] Light of short wavelength, such as far-ultraviolet light, has come to be used for the 
exposure light source in order to fill this demand. However, the process using the 248nm 
oscillation line of KrF excimer laser which is going to be used for the next-generation exposure 
light source is still in a research phase, although a chemistry magnification mold resist is being 
developed as a resist ingredient, and the utilization in this time is still difficult. Thus, when the 
wavelength of the exposure light source is changed, a remarkable period will be required until it 
results in utilization, since it is needed from ingredient development. 

[0004] The attempt made detailed, without changing the exposure light source in recent years is 
accomplishing. There is a phase shift method as the one technique. By this technique, a phase 
inversion layer is selectively prepared in the light transmission section, the effect of diffraction 
of the light from an adjoining pattern is removed,, and improvement in pattern precision is aimed 
at. Especially the Levenson mold formed by there being some classes also in this phase shift 
method, and establishing 180 degrees of phase contrast of the two adjoining light transmission 
sections by turns is known. 

[0005] However, when three or more patterns adjoin by the phase shift method of the Levenson 
mold, it is difficult to demonstrate effectiveness. That is, although another pattern becomes in 
phase with one side between two previous patterns, consequently the patterns of 180 degrees of 
phase contrast resolve when optical phase contrast of two patterns is made into 180 degrees, 
there is a trouble of being un-resolving, by the patterns of 0 degree of phase contrast. In order 
to solve this problem, it is necessary to improve a device design from the origin, and remarkable 
difficulty is taken to put in practical use promptly. 

[0006] On the other hand, there is the halftone method as the technique of not needing a device 
design change, using a phase shift method. The principle of a halftone phase shift method is 
shown in drawing 5 . With a halftone mask, the mask pattern 51 formed on the transparence 
substrate 50 is formed with a semi-transparent membrane. This semi-transparent membrane is 
adjusted to thickness so that the phase contrast of the light which penetrates exposure light 1 
to 16% with an amplitude transmittance, and penetrates a mask pattern to the transparency 
section may become less than 180**10 degrees. By doing in this way, optical reinforcement on 
the wafer equivalent to a mask pattern edge part is made steep, and it makes it possible to raise 
definition. That is, the steep image reinforcement (shifter edge operation) in an edge part is 
obtained according to the optical phase inversion effectiveness in a pattern edge part, and 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran^web_cgLejje 



2007/03/05 



JP,05-197160,A [DETAILED DESCRIPTION] 



2/6 



whenever [ wall-angle ] is raised about the resist pattern. 

[0007] However, in a halftone phase shift method, while the definition ability of an edge part 
improves, the phenomenon resulting from a mask pattern penetrating light is not avoided. That is, 
it had become a problem that **** of a resist pattern center section arises when a positive 
resist is used, and the residual membrane in a tooth-space part arises when negative resist is 
used. 

[0008] The pattern configuration (a) at the time of exposing with the usual Cr mask about the 
large area pattern which used and created POJIREJISUTO to drawing 6 , and the pattern 
configuration (b) at the time of exposing by the halftone phase shift method are shown. With a 
halftone mask, in order to make the light of a minute amount penetrate in dark space, as (b) 
shows, in a comparatively big pattern, **** arises in the pattern center section. 
[0009] 

[Problem(s) to be Solved by the Invention] Thus, by using for a protection-from-light part the 
semi-transparent membrane which gave a certain amount of permeability by the conventional 
halftone phase shift method, while whenever [ wall-angle ] improved about the resist pattern, 
when the phenomenon resulting from a mask pattern penetrating light, especially POJIREJISUTO 
were used, it had become a problem that **** of a resist pattern center section arises. 
[0010] This invention was made in consideration of the above-mentioned situation, the place 
made into the object can control **** of a resist pattern center section, when a halftone phase 
shift method is used, and it is in offering the pattern formation approach which can form a good 
resist pattern. 
[0011] 

[Means for Solving the Problem] The main point of this invention is to control decline in the 
remaining rate of membrane produced when a positive resist is used by the halftone phase shift 
method by hardening processing of a resist. 

[0012] Namely, the mask for exposure in which the mask pattern which consists of a translucent 
ingredient which gives optical phase contrast to the transmitted light on a translucency 
substrate was formed is used for this invention (claim 1). In the pattern formation approach 
which performs exposure and development to the photopolymer film formed on the semi- 
conductor substrate, and creates a desired pattern, it is characterized by performing hardening 
processing to the front face of this resist before the development of this resist, using a positive 
resist as photopolymer film. 

[0013] Moreover, the mask for exposure in which the mask pattern which consists of a semi- 
transparent membrane which gives optical phase contrast to the transmitted light on a 
translucency substrate was formed is used for this invention (claim 2). To the radius L of the 
field of the light source equalized by optical system, or the secondary light source with the 
zona-orbicularis lighting which formed the part of a radius d as dark space from the core with 
which the relation of 0<d<L is filled In the pattern formation approach which performs exposure 
and development to the photopolymer film formed on the semi-conductor substrate, and forms a 
desired pattern, it is characterized by performing hardening processing to the front face of this 
resist before the development of this resist, using a positive resist as photopolymer film. 
[0014] Moreover, as a desirable embodiment of this invention, it is a degree. (1) - (5) It is raised. 
(1) Phase contrast chooses the ingredient and thickness which fill the relation within ** (180x 
(2n+1)**10:n= integer) to the light in which the light which penetrated the semi-transparent 
membrane penetrated only the transparence substrate as a semi-transparent membrane. 
[0015] (2) As hardening processing of a resist, form the ^solubilization film in a resist front face 
by dipping a resist front face in an alkaline solution or an alkaline organic alkali developer, and 
rinsing it further before exposing. 

[0016] (3) Form the ^solubilization film in a resist front face by irradiating the ultraviolet 
radiation in which a resist has photosensitivity in the ambient atmosphere of less than 10% of 
moisture contents after exposure as hardening processing of a resist 

[0017] (4) The amplitude transmittance T of a mask pattern is the amplitude transmittance TO of 

the light transmission section. Receive and be set up to fill a degree type. 

0.01 xTO <=T<=0.16xT0 [0018] (5) Use the projection aligner equipped with the 1st condensing 
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optical system, such as an eye lens of the fly which condenses the light from the light source for 
zona-orbicularis lighting, the equalization optical system which equalizes the light condensed by 
this 1st condensing optical system, the 2nd condensing optical system which condenses the light 
equalized by this equalization optical system, and irradiates a mask, and the projection optical 
system which projects the light which penetrated the mask on a semi-conductor substrate. 
[0019] 

[Function] There are technique of forming the ^solubilization film in a photopolymer front face, 
and coping with it and technique which controls an optical image and is improved to **** 
produced when POJIRE mold JISUTO is used. There is some technique about insolubilization of 
a photopolymer ingredient. Before exposing to one of the technique of the, a photopolymer film 
front face is dipped in an alkaline solution or an organic alkali developer, and the technique of 
reducing raising and solubility is about the relative concentration of the sulfur element on the 
front face of the film. Moreover, there is technique to which the resist film irradiates the 
ultraviolet radiation which has photosensitivity in the ambient atmosphere which hardly contains 
moisture as other technique made to insolubilize. It is possible to raise insolubilization nature 
further by heating by this technique forming the surface bridge formation film. 
[0020] Here, when the insolubilization film is formed in a photopolymer front face, if it is 
sufficient light exposure in the part which should be exposed, the insolubilization film can be 
removed at the time of development. The insolubilization film is unremovable in it being the small 
light exposure in the part which is produced on the other hand when a halftone mask is used, 
which should be exposed and which does not come out. Therefore, it can become possible to 
suppress film decrease of the part at the time of using a halftone mask which should not be 
exposed, a hollow can be lost in the pattern center section, and the pattern of a good 
configuration can be formed. 

[0021] Moreover, although zona-orbicularis lighting technology is in the technique of aiming at an 
improvement of a residual membrane property by optical technique, it is difficult to maintain a 
residual membrane thoroughly also in this technique. Then, it is desirable to perform the above- 
mentioned processing also in this case. 
[0022] 

[Example] Hereafter, the detail of this invention is explained with reference to the example of a 
graphic display. 

[0023] Drawing 1 is the outline block diagram showing the projection aligner used for each 
example approach of this invention. As a lamp of the light source, the others and excimer laser 
exposure (KrF etc.) which is 436nm of g lines of a mercury-vapor lamp, 405nm of h lines, 365nm 
of i lines etc., etc. is used. And they serve as equalized light according to the optical system 
which contained the optical integrator (eye lens to obtain) etc. in order to raise exposure 
homogeneity. Drawing 1 shows the flux of light after passing the above-mentioned optical 
system. A projection optical system and 6 show a mask and, as for an aperture diaphragm and 4, 
in the beam of light (secondary light source) with which one in drawing was equalized, and 2 and 
3, 7 shows the wafer, as for secondary light source exposure optical system and 5. 
[0024] In such a cutback projection aligner, the formation properties (resolution, depth of focus, 
etc.) of a pattern are determined by NA (NA=sintheta) of a projection optical system 5, and the 
coherency sigma of the illumination light (sigma=sinphi/sindelta). While resolution goes up so that 
NA is large, the depth of focus decreases. Moreover, although a side attachment wall will 
approach vertically and a cross-section configuration will turn into a good pattern configuration 
since the deep pool of a pattern is emphasized if a coherency sigma value becomes small, the 
focusing range which the definition in a fine pattern worsens and can be resolved becomes 
narrow. On the contrary, if a sigma value is large, the definition in a fine pattern and the focusing 
range which can be resolved will become good a little, but the side-attachment-wall dip of a 
pattern cross section is loose, and when it is a thick resist, a cross-section configuration serves 
as a trapezoid thru/or a triangle. For this reason, fixed setting out is carried out sigma=0.5-0.7 
as a sigma value which maintained balance comparatively. In order for what is necessary to be 
just to decide the magnitude of the surface of light source of the secondary light source 1 to set 
up a sigma value, generally the circular aperture diaphragm 2 for sigma value setting out is 
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placed just behind the surface of light source of the secondary light source 1. 
[0025] Drawing 2 is the sectional view showing the resist pattern formation process concerning 
the 1st example of this invention. The mask 6 for projection exposure (halftone mask) is Si02 as 
shown in drawing 2 (a). The pattern 21 of Si film (semi-transparent membrane) is formed on a 
substrate (transparence substrate) 20. Specifically, it is Si02. On the substrate 20, the Si film 21 
was controlled to 61 nm of thickness, it formed by the spatter, and the resist for electron rays 
(SAL601) was formed in this by 0.5 micrometers of thickness, the spreading nature organic 
electric conduction film was further applied on it, negatives were exposed and developed with 
the electron ray to this, and the resist pattern was formed. Furthermore, chemical dry etching 
(CDE) removed the Si film 21 for this resist on the mask, and Si of a garbage was created. It is 
satisfied with the refractive index n= 4.57 to g line of the mercury lamp of Si film (111) formed at 
this time of 180 degrees of phase contrast and 15% of amplitude transmittances to the light 
transmission section. 

[0026] It exposed using numerical-aperture NA=0.54 and the aligner for g lines of coherence 
factor sigma=0.5 using this mask for projection exposure. In addition, as shown in drawing 2 (b) f 
the photopolymer film forms clay ZORU novolak naphthoquinonediazide system POJIREJISUTO 
23 by 1.3 micrometers on the Si substrate 22, and performs 90 degrees C and baking for 5 
minutes. And before exposing this, as it exposes for 30 seconds into a tetramethylammonium 
hydroxide (TMAH) 2.38% developer, spin desiccation is performed after rinsing and it is shown in 
drawing 2 (c), the surface ^solubilization film 24 is formed. 

[0027] Subsequently, using the aforementioned mask for projection exposure, as shown in 
drawing 2 (d), the positive resist 23 was exposed. Here, 25 shows the exposed field. 
Subsequently, development for 50 seconds was performed at TMAH2.38%, and as shown in 
drawing 2 (e), the resist pattern 26 was formed. At this time, there was no inconvenience, like 
the center section of the resist remaining pattern becomes depressed by existence of the 
insolubilization film 24. In addition, in this technique, it is [ baking / for 1 minute / 110 degrees C 
and ] still more effective in a line before development. 

[0028] What was resolved by focal margin 0.8micrometer according to the above process when 
0.45-micrometer pattern used a halftone mask improved to 1.0 micrometers by forming the 
surface insolubilization film. 

[0029] The experiment which used zona -orbicularis lighting together further was conducted on 
the degree using the halftone mask used by this example, and the photopolymer film which 
performed surface insolubilization processing. Zona -orbicularis lighting was performed from the 
core by covering radius d=0.65L to the diameter L of the eye lens group of a fly. What 0.45- 
micrometer pattern resolved by focal margin 1.3micrometer when zona -orbicularis lighting and a 
halftone mask were combined checked improving to 1.7 micrometers by forming the surface 
insolubilization film. 

[0030] Thus, according to this example approach, in case a resist 23 is exposed by the halftone 
phase shift method, the front face of a resist 23 is beforehand dipped in a TMAH developer, and 
the insolubilization film 24 is formed in the front face of a resist 23 by carrying out rinsing 
processing. For this reason, **** of the resist pattern center section which poses a problem by 
the halftone phase shift method can be controlled. Therefore, a good resist pattern can be 
formed and it becomes possible to aim at pattern processing improvement in precision of after 
that. 

[0031] Drawing 3 is the sectional view showing the resist pattern formation process concerning 
the 2nd example of this invention. In this example, as first shown in drawing 3 (a), clay ZORU 
novolak naphthoquinonediazide system POJIREJISUTO 33 was formed by 1.3 micrometers on 
the Si substrate 32, and 90-degree-C baking for 5 minutes was performed. To this substrate, 
using the halftone mask shown in said drawing 2 (a), as shown in drawing 3 (b), it exposed. Here, 
35 shows an exposure field. 

[0032] The halftone mask used here is Si on a quartz watch substrate N2 It is what controlled 
and carried out the spatter to 80nm of thickness in the ambient atmosphere, and 180 degrees of 
phase contrast and 13% of permeability on the strength to the light transmission section are 
satisfied to i line of the mercury lamp of Si film formed at this time. 
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[0033] Subsequently, it is the 250-330nm light of a mercury lamp N2 120 degrees C and baking 
for 2 minutes were performed irradiating a resist 33 in an ambient atmosphere, and as shown in 
drawing 3 (c) r the bridge formation film (^solubilization film) 34 was formed in the non-exposed 
area front face. The water content of the nitrogen-gas-atmosphere mind at this time was about 
5%. Moreover, the insolubilization film 34 was formed only in the part with little light exposure. 
[0034] Subsequently, TMAH2.38% of developer performed development for 50 seconds, and as 
shown in drawing 3 (d), the resist pattern 36 was formed. What was resolved by focal margin 
0.6micrometer by this technique when 0.40-micrometer pattern used a halftone mask improved 
to 1.2 micrometers by forming the surface insolubilization film. 

[0035] The experiment which used zona-orbicularis lighting together with the halftone mask used 
by this example further was conducted on the degree. Zona-orbicularis lighting was performed 
from the core by covering radius d=0.65L to the diameter L of the eye lens group of a fly. What 
0.4-micrometer pattern resolved by focal margin 1.2micrometer when **** lighting and a 
halftone mask were combined checked improving to 1.9 micrometers by forming the surface 
insolubilization film. Drawing 4 is the sectional view showing the resist pattern formation process 
concerning the 3rd example of this invention. 

[0036] In this example, as first shown in drawing 4 (a), NEGAREJISUTO 43 which has polyvinyl 
alcohol in a resinous principle was formed in Si substrate top 42 by 1.3 micrometers, and 110- 
degree-C baking for 5 minutes was performed. To this substrate, using the halftone mask shown 
in said drawing 2 (a), as shown in drawing 4 (b), it exposed. Here, 45 shows an exposure field. 
[0037] The halftone mask used here is Si on a quartz watch substrate N2 It is what controlled 
and carried out the spatter to 80nm of thickness in the ambient atmosphere, and 180 degrees of 
phase contrast and 13% of permeability on the strength to the light transmission section are 
satisfied to i line of the mercury lamp of Si film formed at this time. 
[0038] Subsequently, after performing 130-degree-C baking for 2 minutes, TMAH2.38% of 
developer performed development for 120 seconds, and as shown in drawing 4 (c), the resist 
pattern 46 was formed. Here, since residue 47 arose into the tooth-space part, after it put in the 
substrate into the chamber in which vacuum suction is still more possible and it fully carried out 
vacuum suction, pour in oxygen gas, it was made to discharge by flow rate 20sccm, and it 
exposed to the oxygen plasma for 20 seconds, and residue 47 was removed as shown in drawing 
4 (d). In addition, at this time, although **** also produced the resist pattern a little, it was the 
range which is satisfactory in precision. 

[0039] The experiment which used zona-orbicularis lighting together with the halftone mask used 
by this example further was conducted on the degree. Zona-orbicularis lighting was performed 
from the core by covering radius d=0.65L to the diameter L of the eye lens group of a fly. The 
good resist pattern which does not have residue in a tooth -space part was obtained by exposing 
into the plasma which contains an oxygen atom after resist pattern formation also in this case, 
or a radical. 

[0040] In addition, this invention is not limited to each example mentioned above. Although 
processing by the TAMH developer was performed before exposure as hardening processing of a 
positive resist in the 1st example, as processing liquid, not only TAMH but an alkaline solution or 
an alkaline organic alkali developer can be used. Moreover, at the 2nd example, it is the light of a 
mercury lamp after exposure as hardening processing of a positive resist N2 Although baking was 
carried out irradiating a resist in an ambient atmosphere, the same effectiveness will be acquired 
if a resist irradiates the ultraviolet radiation which has photosensitivity in the ambient 
atmosphere of less than 10% of moisture contents. In addition, in the range which does not 
deviate from the summary of this invention, it can deform variously and can carry out. 
[0041] 

[Effect of the Invention] As explained in full detail above, **** of the resist pattern center 
section at the time of using the phenomenon which poses a problem by the halftone phase shift 
method by performing the hardening effectiveness processing to a resist before development 
according to this invention, i.e., a positive resist, can be controlled, and it becomes possible to 
form a good resist pattern. Moreover, this invention is effective also when zona-orbicularis 
lighting exposure is combined with a halftone mask. 
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